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THE INTERNATIONAL GRANITE QUARRY. | 


ee | 


is situated on Grindstone Island, | 

om ot tbe far-famed Islands. It is 
the — of re bege ia* Ros four 
miles same distance from Gananoque, on 
~ oe 7 see ot oe oes 3 

ft. above high-water . contains stone | 
¢ generations. 


enough last man In color the | 
ong of a beatiful jas ; and it is capable 
of taking a vers ee = #.. is much os 

mon er ing 
perf ite be oad durability | 


ferred for its beauty of color 
tg granite on this continent. It was 
that the ae columns support- 
peng og roof of the Senate Chamber at ths New 
Capitol, at Albany, N. Y., were procured. The, 
Superintendent informs us that stones of any size | 
can be obtained from it. The proprietor, R. For-* 
syth, of Montreal, purchased the quarry four | 
vears ago. and has laid out a large sum of money | 
in de g it. 
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A SYSTEM OF DESIGNING HIGHWAY | 


BRIDGES.* 
commencing this the writer wishes it to | 
eaaneed that badoes = consider the system here | 


given to be the only correct one in existence, nor does he | 
even claim that it is the best. It has been by | 
him for Messrs. Raymond & Campbell, bridge builders, | 
of Council Bluffs, Iowa, and itis owing to their courtesy 
that he is now permitted to present it to the public.) 


Ordinary highway bridges may be divided into 
two classes; those for use in cities, towns and their | 
suburbs, where they will be subjected to ae 
loads, and those for country roads, where the | 
are er myo The former for spans of | 
60 ft. or less should be proportioned to carry a load | 
of one hundred pounds per square foot of surface, | 
and for those above 60 ft. the load may be dimin- 
ished gradually to seventy-five or even sixty 
pounds per square foot for spans of 200 ft., the 
working stress per square inch for iron in tension 
being usually five tons, though sometimes six and 
a quarter. 


For country bridges the load varies from eight 
to fifty pounds per square foot according to poe d 
ity andlength of span, the working stress per 
square inch for iron in tension, in nearly every 
case, being six and a quarter tons. 

Some bridge companies have employed seven 
and a half tons, but this is now generally con- 
sidered to be injudicious. The reason why long 
— may be rtioned for lighter s than 

ort ones is the very small probability of a long 
span ever being entirely covered by the maximum 
load, while there is a chance of such an event 
taking place in case of a short span. It can easily 
be seen, then, that in all bridges of any length of 

each panel should be. proportioned to sustain 
the maximum load, for it is possible to load one 





| be determined by experience. 


or even longer. By covering the chord and batter | 


braces with sheet iron or shingles, several years 


| may be added to its life. 


e first step to take in making a design, is to 
make outa table of data for calculating the dia- 
gram of stresses. The form employed by the 


writer is as follows: 
Single Intersection. Double Intersection. 
n= a4 = 
i= i= 
d= d= 
“= cosets 
sec = ug = 
tan 0 = sec a = 
= tan a = 
a= sec 6 = 
w” = w= 
w= WwW, = 
w= Ww” = 
—w= WwW’ = 
n i 
1 
— w sec 9 = W= 
n 
l 
W, see O = —w= 
n 
l 
W” tan 0 = —wseca= 
n 
W, seca = 
l 
— w sec i = 
n 
Ww, sec 6 = 
W” tan a = 


where x is the number of panels, / the length of | 
each panel, d depth center to center of chords, © | 
the inclination of diagonal ties to vertical, w live | 
load per panel one truss, W, dead load per panel | 
on one truss, W" = w+ W,, W’ the portion of | 
Wi’, concentrated at upper panel point, W the por- | 
tion of same concentrated at lower panel point, a! 
the inclination of short diagonal tie to vertical, | 
and 4 the inclination of long diagonal tie to verti- 

cal. Of these quantities /, n and d are usually to 

Of course the | 
— of span, width of roadway, and the live | 
load per lineal foot are given; from these six quan- | 
tities the rest of the table of data can be deter- | 
mined, although it may take several trials to find | 
the dead load per lineal foot of bridge, from which | 
W, is calculated. It is difficult to give directions | 


for finding the dead load, but the writer hopes at | be pl 


some future time to treat that subject by itself. | 
For the present, the following approximate and in- | 
complete table must suffice; pine = figured at 
two and a half and oak at four and one-third 
pounds per foot, board measure. 


Iron Bridges 66 ft. Clear Roadway, Lumber all Pine. | 
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Dead load per lineal tt! 
panel heavily without loading any of the others. | LSthof span. on both trusses. Live load per sq. ft. 
This excess will affect only the sizes of the Feet. Lbs. Lbs. 
joists, floor-beams and beam hangers. Sometimes 75 400 80 
the excess is supposed to exist when the br = 4 
bridge from the nearest end up to the panel con- 155 { 330 70 
sidered is covered by the moving load, which 155 562 80 
would affect also the sizes of the counters. This we yd we . 
last requirement is very seldom taken into) ———————— <—— === 
To : When pine floor and joists are used, the flooring | 
uy ae tren fact eco rage eee ea coun | being 3 fn. thick, the average weight of femaber | 
than ; pencil ae paid | per lineal foot is 285 pounds; where oak floor and. 
pepe mma ion to en — : Sie et this joists are used, the flooring being 21¢ in. thick, it 


papert two only (Nos. II. and XVIII.) are especi- 
ally for city bridges, twelve (Nos. V.-XVI.) are 
ly for country bridges, while the remainder 

(Nos. L., III., IV., XV{L, XIX. and XX.) may 
y - On account of the great varia- 
tion in the data for city bridges, it would require 
more labor to systematize them and tabulate the | 
dimensions of 1 floor systems, as has been done | 
bridges in Tables V. to. XVI. in-| 

number of city bridges to be 


built would warrant. 


_ Each of the two classes of bridges is subdivided | 
into three kinds—iron, com! on and wooden. 
The last-mentioned will not be treated here. for, 
on account of the inferiority of wood for tension 


mem that style i 
- bers, yle of bridge is fast passing out 


a ee more combination 
bridges being built in Well team tooee ore ton 
or wooden ones.. The reason is that the first cost | 








is 810 pounds. 

For different widths of roadway the dead load | 
will vary almost directly as the widths. Com- 
bination bridges of same span, roadway and mov- 
ing load are from 7 to 10 per cent. heavier than 


iron ones. 

In regard to the best values for n and d there is 
considerable difference of opinion among bridge 
builders. It is probably economical to employ 


long panels, though seems to be an un- 
founded prejudice them among most 
coun 
probable, too, that 
those generally would be eco 

He employs the following proportions: 








Span. Depth of Truss. | Remarks. 
es 30 S No side braces. 
50 ‘eo “ ord 
= hat to 10’ —— ' spect braces. 
o> panels. 

80 16’ 5 

133 oy Vertical bracing 

23’ swa 

150 25’ y, 

175 oR ‘ - 

200 30 “ “ 





span at which it is economi- 


of 
‘cal to change from the single tothe double inter- 


section, this, too, is not yet fixed, but is probably 


| ing on the side of safety. 


| give a 
| the sections are in good proportion. 


_pin to depth of chord bar. 


| Where there is an odd number of 


| single I beam for a post in a lar 


against 
ty commissioners and a few builders. It is| 
ter depths of trusses than | 
momical. 


| fixed and one hin 
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about 140 ft.; this point will also be settled at the 
same time with the values of n and d. 

Suppose, then, that the table of data is filled out; 
the next step is to find the stresses in the different 


| members of the truss; the method for which, hav- 


ing received so much attention from various 
writers, will not be treated here.- There is one 
point, however, that ought to be mentioned, viz.: 
that it is customary to subtract the effect of the 
dead from that of the moving load in each panel, 
when calculating stresses in counters. Professor 
Burr advises the contrary, for the purpose of _— 

This object is usually 
attained by straining iron toa less extent in the 
counters than in the main diagonals. 

The hip verticals are usually strained to the same 
extent as the counters, viz.: four tons, when the 
main diagonals are strained five, or five tons when 
they are strained six and a quarter. 

Having found all the stresses in the members of 


| the truss, the next step is to calculate the sections. 
| Let us suppose the bridge under consideration to 


bean iron one. First, find the areas of all the ten- 


| sion members and write them on the diagram im- 
| mediately after the corresponding stresses, prefix- 


ing the areas with the letters S R(section required), 
then by the use of Carnegie’s ‘‘ Pocket Compan- 
ion,” PP. 88-109, ascertain the sizes necessary to 

ast the section required, taking care that 


The best proportion for chord bars is about one 
to four (width = 4 x thickness), a larger fraction 


| causing an increased bending moment on the pin, 
| and a smaller one being liable to increase its size 


on account of the limiting ratio of diameter of 
For convenience in 
ae economical and standard sizes it is often 
preferable to vary from this ratio, even if it does 
affect the pin. 

The same remarks apply tothe main diagonals. 
Counters are usualy made square or round on ac- 
count of the turn-buckles; it is better in most cases 
to make them double, though if they be small, 
single ones willdo. Sometimes both single and 
double counters are employed in the same truss. 
nels, the cen- 
oa diagonals should be made double and adjusta- 
ble. 

The sections of the tension members being de- 
termined, next comes the arrangement of the 
bottom chord. In small bridges all the diagonals, 
counters, chord bars and hangers can be 
packed between the post channels, but in larger 
ones some of the chord bars and often the diagonals 
(especially in double intersection bridges) have to 

placed ontside. 

Compression members can be made of various 
sections, but the most common shape is the 
channel bar; the top chord and batter braces 
being composed of two of them with a plate on 


| top and latticing or lacing below, and the posts of 


two, latticed or laced on 
very small bridges—pon 
are the most economica 


th sides. For all but 
trusses—these shapes 
and satisfactory. A 
bridge is not 
economical, for there is too much material near 


| the neutral surface; it can be used to advantage, 
| however, in small bridges, as in that case the 


waste of material is more than counterbalanced 
by the saving in shop work. For spans of 30 ft. 
and under, the I beam can be used advantageously 
in the chord and - batter braces. It is often used 
for upper lateral struts, but because‘of the diffi- 


| culty in making a neat connection; it is preferable 


in nearly every case to employ channels for that 
purpos». Four-inch six-pound channels are about 
as small as should be used, for 3-in. ones are too 


| much cut up by the rivet holes. 


In low pony trusses the use of side braces can be 
avoided by making the posts of two tee irons laced 
and spreading them outward from top to bottom. 
In combination bridges star iron is often employed 
in the same manner. 

When used in this way, the tee and star irons 
should be made larger than theory ‘vould show, 


| bevause of the initial tension in the counters, and 


other causes. 
To proportion the top chord or batter brace for 
a given stress, where two channels and a plate are 
to be used, assume the depth of the channel and 
divide the length of panel by that amount, both 
numbers being expressed in the same unit. 
Referring to table XVII. or XVIII., as the case 
may be, look down the column marked “‘ Ratio of 
L to D,” until the ratio just found is reached; the 
number to the right in one of the three columns is 
the working stress to be used. The three columns 
are for the three cases; both ends fixed, one end 
ged, and both ends hinged. 
These tables are calculated by the formule of C. 
Shaler Smith, C. E., to whom the writer is in- 
debted for their use and for other valuable infor- 
mation in connection with bridge work. 
The area of the top chord or batter brace is 
found by dividing the stress given on the di 
_ by the working stress taken from the table. From 
| this area subtract that of the top plate and divide 
| the remainder by two; the q tis the area of 
each channel, 
The thickness of the top plate should not be less 
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than }¢" nor greater than 3”. If made ¥’, as is 
sometimes done, it is liable to be t out of 
one while ae transferred from the shop to 
the bridge site. It used to be customary, and the 
practice is still followed to some extent, to make 
the top plate of varying thickness, increasing 
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tons per square inch, it would place one at a dis- 
advantage where competition is close. 

In calculating a floor system not given in these 
| tables, assume the total weight of the floor and 
| joists in a panel, and to this add the live load on 
'the panel. Then assume the dimensions of the 
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Tension members in the lateral systems should 
| be a for a working stress of seven and 
la half tons, and the compressive numbers b 

| tables I. or XVII. In using table I., one diagonal 
| should be figured for the whole length, and the 
other, which is doweled to the first, for half 


from the ends of the truss to the center, making | joists, and calculate by table III. or IV. how many length. 


the channels of the same size throughout; but 
this method is not advisable, for the proper place 


the one under discussion is in the channels and 
Similarly in any channel, the 


not in the plate. 

ae lace for the larger part of the material is 
in the flanges and nut in the web, the reason being 
in both cases that the moments of inertia of the 
section in respect to vertical and horizontal axes 
are increased by removing a portion of the area 


away from the neutral axes. The width of the | 
plate is dependent upon the depth of the chan- | 


to 
we and often also upon the manner of packing 


the bottom chord. The transverse distance be- | 


tween the center lines of the rivets, which attach 
the channels to the plates, should be never less 
and not (unless there be good reason) very much 
greater than the depth of the channels. 

The chord channels are sometimes spread apart 
in pony trusses so as to increase the lateral stiff- 
ness, and in “ bridge it may be necessary to 
spread them a little to admit of a certain manner 
of packing below. 

fter finding the area of one channel in the 
chord, look in the table of channel sections em- 
ployed and see if there bea light channel of this 
area; if not it. will be necessary to assume a 
new depth of channel bar and proceed as before. 

The greater the depth of channel, the less the 
ratio of length of strut to diameter, and conse- 

uently the greater the working stress and the less 
the cross-section, so it is well to use always the 
lightest and deepest channels posible. 

Another reason for doing so is, that in the light 
channels there is relatively more material in the 
flanges than in the heavier ones. 

It is usual, but not absolutely necessary, to make 
the depth of the channels in the batter braces the 
same as that of those in the chords. 


| will be needed; should the result separate them 


bring them more closely together than eighteen 
| inches, it would be better to employ larger ones. 
| The sizes of the wooden floor beams are to be cal- 
| culated ina similar manner. Should the resulting 
| weight of lumber prove to be eee different 

from the assumed weight, it will necessary to 
refigure. 

Iron floor beams are to be proportioned by the 
formula already given. The calculation of sizes 
of beam-hangers is too simple to need explanation, 

The only difference so far, between the calcula- 
tions for an iron and for a combination bridge is 
'in the proportioning of the top chord, posts and 
batter braces. The sections for these members 

are to be found by the aid of either Table L. or IT., 
| which are calculated by C. Shaler Smith’s formula, 
as given in ‘‘Trautwine’s Pocket Book.” They give 
the working loads for — pillars ; the load for 
a rectangular pillar is found by taking from the 





table, the working load for a square pillar whose | 


| sides are — to the least side of the rectangle, 
|and multiplying it by the ratio of the longer to 
the shorter side. The bolts are placed so closely 


together that the chords, batter braces and posts | 


may be figured assolid pieces of timber. 

It may seem that there ought to be some dis- 
tinction made between fixed and hinged ends in 
calculating the dimensions of wooden struts; but 

| where the posts are well attached to castings at 

| top and bottom there is, after all, really very little 
difference between the conditions of posts, chords 
and batter braces, regarding their fixedness. 

|. Next comes the proportioning of the upper and 

| lower lateral systems, which is done by supposing 
a horizontal plane to divide the truss midway be- 
tween the chords, calculating the area per panel 


| more than two feet center to center, it will be nec- | 
for the larger part of the material in a chord like | essary to assume smaller joists; while should it| altogether too small. 


| In many cases the stresses found in the upper 
system call for sections which would be practically 
No rods less than three- 
| quartersof an inch in diameter, nor channels less 
‘than four inches in depth, should be employed. 
For spans of one hundred feet the upper lateral 
rods should vary from three-quarters of an inch 
| at the center to one inch at the ends, and for spans 
| between one hundred and one hundred and foity 
| feet the end upper lateral rod should be not less 
than one and one-eighth inches in diameter. 
|. The portal bracing should in all cases be 
| stronger than the stresses would indicate, for it 
|is subject at times to excessive shocks. When- 
| ever the headway will permit of its being done, 
the wind bracing should be extended down the 
batter braces, and in all highway bridges above 
twenty-three or twenty-four feet in height be- 
tween centers of chords, there should be inter- 
mediated struts and tension members between 
the opposite posts. In the lower lateral system 
| there should be placed at each end of the bridge 
a strut, usually of tee iron, or [ beam to keep 
‘the chords apart and to transfer any stress that 
is not taken up by the friction of the sboe plate. 
| The manner of determining the area of the section 
| of the end strut is somewhat arbitrary. At the 
roller end it can be found by adding together the 
| transverse component of the stress in the end di- 
agonal and one-half a panel load of wind pressure 
and subtracting from the sum one-quarter of the 
| weight of the bridge when empty, multiplied by 
| the coefficient of friction of iron upon iron, and 
oe mpl the strut to resist this compression. 
If the-strut at the fixed end of the bridge be made 
| of the same size as that at the roller end, the error 
| 80 involved will be on the side of safety. 
| After finding the stresses in the lower lateral 
| system, it should be observed whether the longi- 





A slight difference in these dimensions will affect | opposed to lateral wind pressure above and below | tudinal components of the stresses in the lateral 


only the bevel in the hip joint. The posts are 
figured in a similar manner to the chords and _ bat- 
ter braces, except that there is no plate; they are 
calculated for two-hinged ends, or one end fixed 
and one hinged, according to the detail employed 
in the upper post connection. 

Next comes the determination of the sizes of 


is plane, doubling areas of truss members hand- 
hailing, hub-plank, etc., but not that of joists and 
flooring, adding together all the areas above the 
horizontal plane, and multiplying the result by 
| the assumed pressure, to find the panel load for 
the upper system, and dealing sisniferty with those 
| below this plane to find the panel load for the 


| diagonals near the end of the bridge exceed the 
| stresses due to dead weight alone in the bottom 
chord of the corresponding panels, 
If they do, the chord bars will have to be stiff- 
ened so as to resist a compression equal to the dif- 
| ference between the longitudinal component of 
| the lateral stress and the existing tension. Unless 


the pins and the thicknesses of the reinforcing | lower system. In iron bridges the “ Pratt sys-| this point be attended to there is no use employing 


lates, 

Next comes the proportioning of the floor-sys- 
tem. For ordinary highway bridges, tables V. to 
XVI. will give all the necessary results without 
calculation; it is unnecessary to give any direc- 
tions in regard to the use of these tables, for they 
are self-explanatory. The joists, of which tables 
V. and VI. give the sizes, were figured from tables 
Ill. and IV.. which were calculated by Traut- 
wine’s formula for wooden beams subjected to a 
deflection of ,}, of the span. 

Tables VII., VIII., IX. and X. were also figured 
from tables IIT. and IV. 

Tables X{. and XII. were partially taken from 
Carnegie’s *‘Pocket Companion,” and partially cal- 
culated y, the formula for built beams 

x 
H =——— —} H + H”, where H = the area 
8DxT 
of the upper flange, W the uniformly distributed 
load on the beam, L length of beam in inches, D 
the effective depth of same in inches, or the dis- 
tance between the centers of gravity of the upper 
and lower flanges; 7’ the working stress for iron, 
in this case 10,000 pounds per square inch net sec- 
tion; H’ the area of the web and H” the. area lost 
by the rivet holes. 
for the upper flanges, but its value is soslight that 
it was hardly worth while to make any difference 
in the sizes of the angles. In large floor beams for 


tem” of lateral bracing (diagonals in tension and 
transverse members in compression) is employed 
above and below, while in combination bridges 
that system is used below, and the ‘‘ Howe sys- 
tem” (diagonal wooden struts and transverse 
members round rods), is ordinarily employed 
above. 

The ‘* Howe sy+tem” is both cheaper and stiffer 
than the “ Pratt,” but of course can be employed 
in combination and wooden bridges only, for it is 
never economical to make inclined members in 
iron bridges to resist compression, and the verti- 
cals or transverse members, as the case may be, to 
resist tension. 

| _ In the * Pratt system” it is customary to attach 
| the upper lateral rods to the pins, though other 
| devices are sometimes resor' 
| lateral rods to the floor beams, making the latter 
| act as struts for the lower system, though the ef- 
| fect of wind pressure on them is seldom if ever 
| taken into account. 
The method usually adopted is faulty, inasmuch 
| as any two adjacent rods are not in the same hori- 
zon plane, and consequently their tendency 
when strained is to twist the floor beam; besides, 
| they are attached to the web, which is the weakest 


culties may be overcome by fastening two adja- 
| cent rods toa pin passing through the web, whic 
| Should be reinforced at the pin-hole, and stiffened 


to. and the lower | 


| a strong lateral system, for should the latter be 

| strained up to its working limit it would buckle 

| the bottom chord and destroy the bridge. In 
nine cases out of ten this consideration is not 
taken into account. 

|. Some engineers prefer to make the bottom 
chords stiffened throughout the whole structure 
and to rest the joists thereon, thus obviating the 

| use of floor beams. 

It is questionable if this method be an economi- 
cal one, but undoubtedly it makes a very firm 
structure. The following calculations made for 
the case of channel bottom chords may prove use- 
| ful to some one designing a bridge with transverse 
joints: 

: Let T be the tension in the bottom chord of any 
| as shown by the di m of stresses. Let 
ia length of panel in inches, W= distributed 
load in pounds resting on a single panel of the 
bottom chord in one truss, or in other words one- 
half the weight per panel of flooring and load 
' thereon, M = maximum moment due to bending, 
| then, as the beam is fixed at both ends and loaded 
| uniformily, M= ~, WI. 
| .A = area in square inches of section of bottom 





: A 
It is not necessary to add H’ | and most flexible part of the beam. These diffi- | Chord in one truss, then7, = tension per square 


inch due to direct stress. ; 
Let J = moment of inertia of A about the hori- 


city bridges, especially where top and bottom | by four vertical angle iron, placed about 6 or 8 in, | Z0ntal _ passing through the center of the 


plates are used, it might be well to make a differ- 
ence in the flange areas. In these the bottom 
plate need extend only half way from the center 
to the points of support. Care should be taken to 
use staggered rivets, and the areas lost by the 
rivet holes in the bottom plate and angles should 
be taken into account. - ‘ 

Many bridge companies reduce the depth of 
built beams at the ends, in order to save a little in 


|on each side of the pin. 

| This method necessitates the use of bent eyes on 
| the ends of lateral rods, which is objectionable if 
the diameters be large, in which case it would be 
| better to use four pieces of 4in. x 6 in. angle iron, 
| about 12 in. long, two on each side of the beam, the 
| 4 in. legs being riveted to the web,and the 6 in. ones 
| having holes, through which pass pins for the lat- 
| eral rod attachment. 


channe 
_ R= greatest allowable stress per square inch and 


R= R—. Also let d = depth of channel in 


A 
inches, then 
| ee (8-3) 


weight of iron, This method may be advantageous The stresses in the lateral systems are usually | ee eee 
to the company, but it is no saving to the manu- calculated as if the wind pressure were a fixed 9 of 
facturer, for the triangular pieces cut from the | load, but the writer prefers to assume that it is a} 


web are wasted, and can be valued only as scrap- | moving one, as that will rong: larger stresses in| 


iron ; besides, the extra work alone in cutting the the center and intermediate members; and in. 
web, bending the angles and making square rests | point of fact the wind is liable to strike one side of | 
for the beam-hanger nuts on the inclined flanges, | the bridge at a time. _ substitute in the last equation and see if it makes 
more than counterbalances any saving of mate- There has been considerable discussion of late in| both sides equal. “ 
rial. Tables XIII. and XIV. are to be used _for neetns periodicals concerning wind pressure, _If not, it welll be sebenseity to assunie 
bridges where the traffic is light, and tables XV. and it has been virtually decided that thirty for A, substitute again, and so on, an 

and XVI. for those subjected to heavy loads. It nds per square foot are sufficient for long spans. | that will make the equation hold 
would undoubtedly be better to adopt the two lat- The writer uses —_ i up to 100 ft., thirty- 


ter tables altugether, but as very few companies | five pounds from 1 to 180 ft., and thirty above 
figure the working stress in beam-hangers at four | 130 fe 


to 
g decided upon at the same time, then 
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holes. This method is only a imate as it as-' ho ptt examples will serve to explain the 





sumes the neutral surface to at the center of | meth 
the channels, but any error that there may be is. Bill of Wrought Iron. 
on the side of safety. ~ 


12 | 7 | 10%) | 

















Estimates of cost should be liberal, for in most 
cases the actual profits on bridges fall short of the 
amounts estimated. 

Table XIX. is for finding lengths and weights of 


To find the necessary cross section of the splice | Chord channels... 7 22” 2,772m | lattice bars, where the section, pitch and spread 
| enews Sr | $375 jare given. The lengths were obtained by diagram, 
| Post Gidiaai...| @ |S gm “Oo «| [aan «| 80. are not very exact. The table is used for esti- 

Lateral struts ‘ 4” | 15 | ‘360 Te ony. at 

ree : 5” 2 15’ | 390 Table XX. is for finding the number of rollers at 

oo a : 5 ig } i |} an expansion joint where their diameter is given, 

vi ee: ete. | ete. ete. ete. ete. (Or for finding their diameter when their number 

plates, let D be the average depth of the exterior eee is given. Of course their length and the total 

and interior splice plates shown in section in dia-| ~~ LT OA game Se pressure are known quantities. All these tables 

m, b = the sum of their widths, then the mo-| __Bill of Lumber. are reliable, for they have been checked either by 

ment of inertia is approximately ), 6 D*, and the | simultaneous figuring or by the method of differ- 
moment | Top chord........... 10 | 17" | 12” | 20° | 3,400 | ences,t 

 — -inapecuaeeg : ¢, a. = = While employing the latter the writer came 

( R T ) bD on beam 4 7” | 10° | @& 513 a curious mathematical fact, which, — 

“Lp le beams........... 2 me Poe 18’ 144 | possibly known before, may be as new to others 

M, = >. b= sa | Lateral braces....... 4 o” o | = jog 188 it was to himself. Taking the expression 

129 be ae ete. ete. ete. | ete, | CX" where C is any positive number and n any 








| Itis to be noticed that it is often convenient, as 

The splice plate being a short distance to one in the case of the “ Plate” in the “ Bill of Wrought 

side of the panel point , is a little less than M, | Iron,” to combine several lengths into one, or as 

but, if it be assumed to be the same, the error will | in the ‘‘ Top Chord,” in the “‘ Bill of Lumber,” to 

be on the side of safety. use one cross section (17 < 12’), instead of several 
To the thickness thus found is to be added a /|(2— 414" « 12’ &1—8" x 12’). 

small percentage for the rivet holes. s bg e a each chord-bar, main diagonal 

‘ P | an ip-verti is added 3 ft. to allow for the 

Let b’ be the increased value of b, then | is the| weight of the eyes, and to that of each adjustable 

average thickness of the plates. 


rod about 5 ft. Should — accuracy be re- 
The thickness of the exterior plate should be 1 


a| quired for the latter, it will be necessary to ascer- 
little greater and that of the interior plate a little | tain what length of the rod is needed at each end 
less than 7 


for the connection and how much for the adjust- 

ing-nuts and upset ends, by the following table of 

Incase bottom plates attached to the flanges be | 22ivalent Lengths of Rods for Upset Ends, Nuts, 
used let I’ be the moment of inertia of their cross | 

section about the middle of the bottom chord, and | 


Sleeve-Nuts and Turn-Buckles. 
(¢’”’—1”) — 1 upset end and 1 nut — at net of rod. 
let A be the sum of the areas of their sections, =e 
then 2 
(> 


(lys/”—116”) — 
2 
. 6M,D— RD*A,+ TD'—12]'R 


“ “ “ “ “ “ 


“ oa “ e 


se be 


(ys’—-24%— * =“ 1Tbuckle—3 


These equivalent lengths do not include the 
lengths of the upset ends themselves ; they repre- 
sent simply the extra length to be added to the 
bar to equalize the weight of the nuts, sleeve nut, 
or turn-buckle, and the extra iron for the enlarged 
ends, which are generally about eight inches long. 

To estimate at all accurately the sizes of the 
details in order to obtain their weights, requires a 
knowledge of detail that can only be ob- 
tained by practice. 

In some cases theory can be used to de- .<£.— 
termine the sizes required, but very often 
some practical consideration will cause to 
be adopted a size different from that called 
for by theoretical considerations. It is not 
necessary in a preliminary estimate to have 
the exact quantities of materials; approxi- 
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The upper sign is the one to be used, as the 
lower one would make the value of b negative. 

To find the number of rivets necessary for the 
splice, suppose them arranged in two, three or 
four horizontal rows according to the depth of 
the beam, the pitch being made about two anda 


positive integer and letting X increase by any con- 
stant quantity d, let us form a series, placing the 

| numbers in their regylar order in a horizontal line. 
Then from the second number subtract the first 
and place the remainder under the second number, 
from the third subtract the second, etc., thus form- 
ing a second series. Then treat this second series 
as was treated the first and so on until the nt 
set of differences is reached, when the numbers in 
this set will all be found to be equal. 

Owing to the necessary inexactness of the last 
decimal place, the nt® set of differences in check- 
ing the tables gave results, which, when the tables 
were properly figured, differed from each other by 
less than a certain quantity. It is very easy b 
following the series Teckwards to locate the posi- 
tion of an error. 

There remains now to be discussed only the 
making of the working cnaines. and as this 

| paper has already exceeded the limit originally 
intended, this matter will be treated briefly. _ 

The first step in making drawings for a span is to 
construct on ascale of say 1 in. to the foot, the 
skeleton of one-half of same showing the camber. 

For single intersection bridges the latter, and its 
effect on the length of the diagonals, can be found 
by Trautwine’s formula; for double intersection 
bridges the following calculations may be of use: 


METHOD OF FINDING THE LENGTH OF DIAGONAL IN A 
DOUBLE INTERSECTION BRIDGE, 


half times the diameter of the rivets, and the rows 
breaking joint. 

Let p = the pitch and n = the number of rivets 
in the bottom horizontal plane of rivets on each 
side of the splice. 


Let h = the diameter and a the area of a rivet 
and let n’, h’ and a’ be the corresponding values for 
the rivets in the bottom plates. Assuming the 
iron in the plates, whose cross-section is A,, to be 
strained up to the limit R, their resistance will be 
R A,, which should equal n'a’ S, where S is the 
working resistance to shearing or should equal 
n'h't’C where t’ is the thickness of the plate and 
Cc es working compressive stress per square 
inch. 

The greater value 
is the one to be used 

Assuming where no flange splice plates are used 
that the bottom row of rivets in the side plates 
takes up all the stress in these plates below the 
horizontal plane passing half way between the 
two lower rows of rivets, and finding the average 
resistance per square inch a on a pene 
(A,) of the plates below this horizontal plane, 
under the assumption that the neutral surface lies 


ef n’ given by these equations 


about 34 or 3¢ of the d of the channels from 
the top, R* A, shoul ual 2 naS or nhtC, 
where tis the thickness the web. As before 


the larger value of n should be taken. 


It is almost needless to say that these investiga- Coal 


tions are of a ve 
based upon se 
retically correct. 
_ In making out bills of material, the accompany- 
ing list of members will prove of great assistance. 
By their use one can avoid all possibility of an 
underestimate by an omission of any of the parts 
of the structure. A good way to make out a bill 
of material is to six vertical columns, in 
the first of which write the name of the member, 
in the second the number of pieces, in the third 
and fourth the dimensions determining their sec- 
tion, in the fifth their length, and in the sixth the 
weight of all the pieces, or, if of wood, the number 
of feet, board measure, that they contain. 


approximate character, being 
assumptions that are not theo- 


mate dimensions will therefore be suffi- 
cient. 


90 
In making a hurried estimate of the aes 
weight of wrought iron in a bridge, it is mvntainhees J 
the practice of the writer to calculate the grote ee 





weights of the members in the lists, under 
the heading ‘‘ Main portions,” making the allow- 
ances of extra length before-mentioned, and to 
divide their sum by 0.85. The result is a pretty 
close approximation to the total weight of wrought- 


Let I = panel length in bottom chord = GD 
= DB. 


¢= y increase of panel length in top chord. 
= Both of truss between centers of chord 














iron. = AB. 
Estimate of cost can be made very readily by a= angle between radial line at panel pt. 
using a blank similar to the following: and L to chord. 
Pte eae aetgeee ee Then « = sin." (Eq. 1) 
Length Span. envis ft. Height...... ft. Clear Roadway 1 
ovesee ft. Static Load per lineal foot......lbs. , Movi " DE:exzl:d ..DE=~ 
Load per lineal foot...... Ibs. No. Panels...... Lengt shee i d 
et eveces ft. er 
Wrought Iron, lbs Ba =2GE = v—° 
Sheet . Ibs 
Cast Iron, Ibs ea 
Lumber, ft “6 ah/ ca (Eq. 2) 
Piles, ft a? 
Preights.sc.c.2-- Sorel For railroad bridges and in highway bridges of 
I onccLuncdca thee rise aanuadweedolies small camber BG can be taken eS GD + DB 
= 2 GD without perceptibly affecting the final 
result. 
In triangle ABG, AB and BG are known; also 
angle ABG = 90° + 2 a. 


AB + BG:AB — BG :: tang. 44 [180° — 
(90°+ 2 a)] : tang. 44 [BAG — BGA} 
.. BAG — BGA = 

shana tang. (45° — a)| (Eq. 3) 


—-1 pose « SORES ete. 
70ny [ap + BG 
(BAG — BGA) + (BAG + BGA) = 2 BAG = 











(BAG — BGA) + (90°—2a) (Eq. 4) 
which gives BAG. ‘ 
eres , a : — = 180° — (BAG + 90° +2 a) = 90° — 
A very convenient table is one giving the cost of | (BAG + 2 a). 
mulsiog 308 of framing of diffesent lengths| AG = AB cos, BAG + BG cos, BGA = length 
of span and widths of roadway. Such a table is|ofdiagonal required. 
not given here, for each bridge company will the corrections indicated 


This will be true after making 
figure the cost differently. inthe tet of errata, 
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After finishing the skeleton, the elevation should | LIST OF THE DIFFERENT MEMBERS IN A WROUGHT-| Headings of tables accompanying the above 
be filled in and all joints and details drawn to a IRON HIGHWAY BRIDGE. es o 
larger scale—full size if possible. | TaBLe I.—Table of working stresses in tons of 













MAIN PORTIONS. 
very member in the bridge, duplicates of | g Poe? ee | 2,000 Ibs. for square wooden pillars, calculated by 
course excepted, should be shown in at least two a Posts. Hip Verticals. ne Gomme P as 0.625 ii ®t 
projections unless the development method be em- Lateral Struts. Upper Lateral Rods. e equal 
loyed, which is seldom advisable, as workmen |© (Portal Braces.’ Bans. { Lower Lateral Rods. 1 + 0.004 Fa 
ye, 7 a Top Chords. Cross Diagonals on Batter + ¥. Dp 
tore difficulty in understanding it. PLATE. { B.tter Braces Braces. 


The principal point to be looked after in making | T lox. Lower Lateral Struts. | Cross Diagonals on Posts. | the working stress, A the area in square inches, 1 


the drawings is to have the structure just as strong | ,; { Floor Beams. ON nee ~ — — ee ere Me of 
in detail as in the main members, to ene it 4 _ Lateral Soroka: Stan Inox. } Hip Verte. / . IL Table of working stresses in tons of 
‘inet and aed bo py strict attention to the reinforc-| £ robe Tt «= FLOOR. BEAMS. * | 2,000 Ibs. for square wooden pillars, calculated by 
A few rules for the latter can be found in Ran- |" \5atter Braces. re TRUSS RODS. the formula P = sere: where P is equal the 
kine’s ‘‘ Applied Mechanics” and elsewhere, but 


— 


there is greatly needed an exhaustive treatise on 
the subject in all its detail by some well-posted 


| 
Top Chords. | 004 Fe 

Ends of Posts. | 1+ 0. De 

Stay Prates. { Middle of Posts. 
































working stress, A the area in square inches, L the 
mechanical engineer. Ends of Lateral Struts. ‘length in inches, and D the length of side of 
Where a pin bears against a reinforced web it (ian iomen uare in inches. : 
is necessary to know how much of the pressure is { Hip Inside. ABLE III.—Table for finding the safe uniformly 
taken up by the web and how much by the rein- Hip Outside. a distributed loads that can be borne by pine beams, 
forcing plate or plates in order to aaeciale the Top Chord Intermediate Panel | the loads being those which will produce a deflec- 
number of rivets. . Top Chord Intermediate Panel | tion of only z},th of the span, calculated by 
Undoubtedly that part of the bearing next to ‘oints Outside. 





le. 
Bottom Chord Intermediate Panel 


the members producing the pressure will be sub- atens Eacike mal Hatenie tor 


Trautwine’s formula W = &* where W = load in 
ject to greater intensity of stress than the parts 


161? 








R RCING Channel Bottom Chords. dies j ais 
more remote, so that if the reinforcing plate come "piars.  \Shoe Inside. —_, — —— ne ent 
next to those members it would not do to estimate Shoe Outside. See ae : : hare 
: . = : : | Lower Ends of Posts Inside. for any given beam, look in the upper horizontal 
on an uniform intensity. It is possible to figure Lower Ends of Posts Outside. line for deuth of beam in taches and lefthand v 
out the intensity theoretically, but any slight im-| ,, «zs Middle of Posts Inside. tical line for length of in feet. The en 
perfection in the workmanship at the pin-hole : Middle of Pesta Cuteide, on aad tien tntaoenil = 90 Sia tas Groen, 
would render all the calculations useless, so it is | © sian glace elem ame o— at the os eae tal Hane th " ae 
much better to figure on the average intensity for Flcor Beam Lateral Connections. | the vt ltiolied Soe the width oak -— ._ the lat- 
remote reinforcing plates and toadda good per- | apne ng {i Panel Points of Top Chord. ianeete lond aaa Bee of the m in inches 
: TES. oor Beams. . 
centage to same for those adjacent. alas | Bipot TABLE oS or aaiing che mie Salformaly 
j distribu st can rne by oak beams, 
re Chord ee TOP | the loads being those which will produce a deflec- 
Batter to ; i E 
LIST OF THE DIFFERENT MEMBERS 1N A COMBINA- Coxnnorma | Posts to Top Chord. ee ee ee 
TION HIGHWAY BRIDGE. PLATES. Intermediate Struts io Posts wine’s formula W= 57-7, where W = load in tons, 
vee Shoe Under “Lateral Connection to’ Floor | d = depth of beam in inches, and 1 length of span 
Top Chords. Hand Rail Post. Plates. Beams. in feet. To find the safe distributed load for any 
Balter Braces Feline Plank. Boller Fates, ame Fee. pear iven beam, look in the upper horizontal line for 
End Tie Beams. False Caps. L Plates. 4 epth of beam and in left hand vertical line for 
End Diagonals. Wall Piates, { Top Chord Upper. Posts. length of span in feet. The number found at the 
Floor Beams. Cover Boards for Chords and TopChord Lower. Trusstna.~ Lateral Struts. | ; 5 f : li 
aiaehe Batter B Batter Brace Upper Portal Braces, | intersection of a vertical line through the former 
Batter Brace Stiffeners. Lath for Same. LACING OR / Batter Brace Lower. ‘| and a horizontal line through the latter multiplied 
Lateral Braces. Cross, Diagonals in Deck | LATTICING. Poste. sia by the _— of the beam in inches will yive the 
land Rail C oe on load required. 
Hub Plank. “ridge. sri Rotten Chord. TaBLE V.—Table of pine lumber required per 
Top Chord. el in 80-pound hig way bridges, including 
WROUGHT IRON. Prins. = me tes joists, flooring, hand-rails, hub-rails, guard-rails 
Main Portions. taser Lateral Connection. and waste material, where pine only 18 employed. 
Seka Daiented Star Iron Side B Cross Diagonal Connection. Flooring, 3” thick ; hand-rail yee O x 4: 
cae Goan Dugueas ta Deak [penne hand-rail, two pieces, 2" x 6” ; hub-rails, 2” x 12”; 
Hip Verticals. en, Cross Diagonal Bolts in Batter Braces. and guard-rails, 6’ x 6”. 
Teen Seen Bote. Kewreg Latereh: Giruts fe Dok: Cross Diagonal Bolts in Posts. TABLE VI.—Table of pine and oak lumber requir- 
Scstuen Ghavd face, Vicor Beame. Bed Plate bolts ed per panel in 80-pound highway bridges, where 
End Lateral Struts. Beam Truss Rods, 


Batter Brace Ties. Upper Lateral Rod Connection to Chords. - 


Lower Lateral Rod Connection to Floor Beam. 
Hand Rail Post Bolts. 
Lateral Strut Connection to Chord. 

. T Iron Brace Bolts. 


the joists and flooring are of oak and the rest pine. 
Flooring, 244" thick ; hand-rail posts, 4’ x 6" x4; 
hand-rails, two pieces, 2’ 6";  hub-rail, 
2’ x 12”; and guard-rail, 6° x6’. The upper 





Botts. | Expansion Pedestal Fastening to Bed Plate. 


* For details of Built Floor Beams, see List of Members in 
Iron Highway Bridges. 








oniaiiinds ‘alpen figures Ang each ee for pine, the — for 
Chord Bolts. Beam Hangers. BRACKETS FOR PORTALS INCLUDING ORNAMENTAL | O@* TaBie ViL Table of re oe = 
Batter Brace Bolts. Beam H. r Plates. WORK. a * — pad? pxniupner saad _ 
Post Bolts. Hip Vert. Plates on Castings. aaints te j Posts to Lateral Struts. in 80-pound highway bridges, where pine only is 
eats za See gaa Ones tol man mao Stee - |e a 

9, an il Pos . e e mn on E. A . . — i i 

# | Name Plate Bolts, Chord. EXPANSION ROLLERS. TURN-BUCKLES. : bd oes of pine floor beams 

= | Bed Plate Bolts. ROLLFR FRAMES. SLEEVE-NUTS. in 80-pound highway bridges, where oak joists an 

= Expansion Pedestal Fast- Bide Brace Connection to - Upper Lateral Strute. flooring are ee ring, 214” thick. 

ening to ate. oor ms. aws.~ Intermediate ra » es i 

Lower Lateral Rod Bolts. Lateral Rod Connection to | Lower Lateral Struts. TaBLE IX.—Table of sizes of oak floor beams in 
Drift Bolts. Floor Beams. 


Intermediate Struts to Posts. 
Upper Lateral Struts to Chord. 
Lower Lateral Struts to Pedestal. 
i 
Anas Iron 4 — Struts to Chord (Channel Lower 


80-pound highway bridges, where all the wood 

used, — that of the floor beams, is pine. 
TaBLE X.—Tabie’of sizes of oak floor beams in 

80-pound highway bridges, where the flooring and 


| Floor Beam Packing Bolts Rollers and Roller Frames. 
Jaws on End Struts. 
‘ Dowels for Upper Laterals. 
Fillers for Pins. 





Batter Braces to Shoe Under Plates. oye are of oak and remainder of pine. Flooring, 
Special Wrought lron Details. (ina — —— > og Roller Plates. 216" thick. 
Hip Joint Boxes. Lewer Post Sockets. Upper Lateral Strut Connection. ABLE. XI.—Table of iron floor beams for 80- 
Upper Chord Panel Connec- Pedestals. es Os evra | Lower Lateral Strut Connection pound highway bridges, where pine only is em- 
tion. Bed Plates. ECES oF CHA} 


| Bas Brace Channel Connectiun to 


Shoe Under Plates, ployed. is table is calculated on the hypothesis 


that the beams are so well stiffened in the direc- 
tion of the trusses by the joists, that they would 


Corrugated or Galvanized Fron. 
Cover for Top Chords and Battér Braces. 


WASHERS FOR HAND RAIL POST BOLTS. 


Top Plate to Chord and Batter Brace Channels - = aod led > oe : 
Cast Iron, op els. mum stress per o” for ro beams = 6 tons ; for 
Bed Plates. Latticing or Lacing to Channels in Top Chords, | built beams 5 tons per 0” net section. 

i — Boxes or Hoods. Latticing to Latticing in same. TaBLE XII.—Table of iron floor beams for 80- 
Upper Post Sockets The v: us Stay Plates to Channels. 


Upper Chord Panel ‘Connection. 


The various Reinforcing Plates to Channels. 
Lower Post Sockets. 


— highway bridges, where the joists and 
Cover Plates to Channe 00! 


ring are of oak (flooring 21¢" thick) and re- 


La Connecting Plates to Channels, ete. mainder of lumber pine. This table is calculated 

cn pean eee. Rivet | Lateral Connection to Floor Beam. on the hypothesis that the beams are so well 

Brackets. ne. eee ee stiffened in the direction of the trusses by the 

Washer Plates for Main Diagonals and Counters. . Ornamental Work ia Brackets. joists that they would fail first on the side sub- 
Braces to truts. " 

Chord Bolt Washers. iaswiaeed Gem, jected to tension. Maximum stress lapel 


Batter Brace Bolt Washers. 
Post Bolt Washers. 
| Upper Lateral Rod Washers. 
' Lower Lateral Rod Washers. 


rolled beams = 6 tons; for built Seats 3 tone per 
o” net section. 


TABLE XIII. —Table of sizes of beam har and 


The various Angle Irons to the parts which they 


co . 
The various pieces of Channels to the parts which 
they connect. 


the number used per beam in 90- ighway 
Wasurs. {Name Plate Bolt Washers. ny bridges, where the joists, flooring, oe ahs agi 
Bracket Bolt Washers. Upper Angles. are all Up, ends upset; N. Up, ends 
a na Lower Angles. not u Working stress per 0" = 5 
| Bevel Washers. si ee aie sages table for oak floor-beams, so is slightly 
Floor Beam ers. Plates. in excess for or iron ones. 
Lateral Rod Connection. TABLE -—Table of sizes o and 
nes Bat Peskin he a el eens Teanee at Beam Hanger Holes. the number used per beam in pound ighwa 
Pee Batter Brace Bolt Packing Washer. ei bridges, where the joists and flooring are | 
Bolt Packing Washers. Braces. | JOIST. HAND-RAIL POSTS. U remainder of oun > Somer wa thick. 
Bracket Bolt Washers. FLOO PLANK. We denotes ends a; N. Pp. ends is 
Floor Beant Bolt Packing Washers. HAND-RAIL CAP PIECES. FELLOE PLANK. orking stress per 0” =5 The 
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| 
for oak floor-beams, so is slightly in excess | 
for pineorironones. 
TaBLE XV.—Table of sizes of beam hangers, and | 
the number used per beam in 80-pound highway | 
bridges where the joists, flooring, hand-rails, etc., | 
are all pine. Up, denotes ends upset; N. Up, ends 
not upset. Working stress per 0" = 4 Tons, The 
table is figured for oak floor-beams, so is slightly | 
in excess for pine or iron ones. 
TABLE XV1.—Table of sizes of beam hangers, and | 
the number used per beam in 80-pound highwa 
bridges, where the joists and flooring are of oa 
and remainder of lumber pine; flooring, 24¢" thick. | 
Up, denotes ends upset; N. Up, ends not upset. | 
Workin stress o''=4 Tons. The tab‘e is| 
figured for oak floor-beams, so is slightly in excess | 
for pine or iron ones. 
TaBLE XVII.—Table of working stresses per | 
uare inch in tons of 2,000 Ibs. for Highway | 
Bridges—Columns composed of two latticed chan- | 
nel bars. 











t 38500 for 0 o 
comnammaniencneen = | 38500 for Oo 
Hr 37800 for CO} 
1+ {|— | 
Formula p = a ee = working 
45 — 
30 
stress per 0", 5820 foro o 
= | 3000 for 9 o | 
1900 for O O 
Length | 
= ° | 
Diameter 


TaBLE XVIII.—Table of working stresses per 
square inch in tons of °2,000 lbs. for Railway 
Bridges—Columns composed of two latticed chan- 
nel bars. 





f 38500 for o 0 | 
f = < 38500 for O o 
ix H? (37800 for 0 0 | 
Cc 
Formula p = —= rr p = working | 
4+ — 
20 
stress per 0°, 5820 for o 9 
c= }3000 for 3 oO | 
baie 1900 for O O 
ngt 
H = ———_——.. 
Diameter 


TABLE XIX .—Table of length, in feet, of lattice 
noe Seat per foot of same, and weight of rivet 


eads, 

TABLE XX.—Table of Permissible Pressures on 
Rollers calculated by the formula p= y 0.135d 
where ? is the pressure _ lineal inch of roller in 
tons of 2,000 pounds and d the diameter of roller 
in inches. The first vertical line gives diameters of 
rollers, the first horizontal line their lengths and 
the intermediate figures the corresponding per- 
missible pressures. 


——__— <> +6 Soom 


BROOKLYN BRIDGE. 





Everybody is desirous to know something about 
the prospect of the early completion of the bridge. 
In order tofurnish the public with some assurance 
on this subject, the trustees requested an expres- 
sion of opinion from Mr. Roebling, the chief engi- 
neer, and they received the following response, a 
copy of which accompanies the pen ha to the 
Legislature : 

BROOKLYN, March 10, 1882. 


Hon, Henry C. Murphy, President Board of Trus- 
tees New York and Brooklyn Bridge : 
Dear Sir: Inr to your letter of March 


9, written at the request of aor Campbell, 
I beg to assure you that the million and a quarter 
ealled for in my last estimate will be ample to do 
all the work enumerated in that estimate, and 
open the bridge for use. The item of liabilities 
under outstanding contracts is a fixed fact, and 
cannot be changed. The estimate of money for 
work required to complete the bridge is dependent 
upon the delivery of the steel, and we have Mr. 
Seller’s promise that it will be delivered this sum- 
mer. The item of materials required fur the com- 
pletion of the bridge and approaches, not yet con- 
tracted for, can all be had for the figures given in 
the detailed estimate. The elevated platforms and 
rope machinery are simple engineering problems, 
and their cost is not likely to be increased in any 
way above the estimates. Respectfully yours, 
W. A. RoEBLING, Chief Engineer. 

The ee statement exhibits an approxi- 
mate estimate of the total cost of the bridge, when 
completed, including the amount to be expended, 
in addition to previous are and the 
unexpended means provided by former acts of 
the Legislature, viz. : 
1882, total expenditure to date. ..$13,439,590. 
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exclusive of portals 
ed ee eeerevececcces $15,489,613.72 


00 | the normal, the 


ENGINEERING 9 


7 


NEWS. 





STATEMENT OF THE AMOUNT OF MONEY REQUIRED FOR THE 
COMPLEIION OF THE BRIDGE, BASED ON THE REPORT OF THE 
CHIEF ENGINEER, FEBRUARY, 1 : 


with the hammer mounted upon a turn-table turn- 
ing about a hollow pivot, through which the ham- 
mer rope passes, said turn-table resting upon a 
laterally adjustable platform upon a car platform. 
The hammer-leaders are formed of T-irons, over 
which are riveted channel bars, and they are piv- 
oted to the front edge of the turn-table, and are 
adjusted vertically through brace-frames, the lower 
ends of which slide on inclined guideways upon the 
turn-table. 

A recently invented truss-bridge has a hollow, 


Liabilities on outstanding con- 
for material.... ........ $565,322.32 
Estimated cost of material re- 
uired for the completion of 
the bridge and approaches 
other than that contracted for. 114,670.60 
Salaries of ‘officers and engi- 
neers and cost of labor for 
coupleting the bridge and its 





approaches..............-.+.-+- 117,632.97 wedge-shaped box, with pockets on opposite sides 
eR eat ee Oeak eave: $797,625.89 to receive cased ends or chord-sections, and a bolt 
Cash on hand February 1, 1882, to adjust the parts ; an eccentric on a pin as anad- 
oa = oe =< — less justable connection of tension chords, and means 
Saleie scasivedk te January. 553,557.39 for adjusting and holding it ; counterpart wedges 
oe for adjusting posts to chords and braces; and 
Amount required for completion girders of channel iron spaced by blocks, which 
x ‘aiuel ts te Eeeer on also serve as sockets for floor joists. 
ami aie sc $244,068.50 A novel self-recording grade instrument for 


. Estimated cost of elevated 
tracks and platforms at the 
termini: 
1. Cost of elevated platforms, in- 
cluding track arrangements, 
roofs, waiting rooms, ticket uof- 
SM beatdccnknd sanders ines $268,908.00 
2. Cost of machinery, boilers, 
hauling ropes, etc 


making sections for railway and other surveys 
| consists of a wheeled prime-mover, which is pro- 
| pelled over the track to be surveyed. Another 
wheel of the same size, and smaller wheels, con- 
|nected with a suitable framing, constitutes the 
carriage for holding the device. Connected with 
the prime-mover wheel is a small vertical worm, 


3. Boiler-house. ==... ...-... 12,000. which drives another horizontal wheel carrying 
Se nae tren seasre des Bch on its axis a surface wheel. Upon the latter is 
MR oe ey tags See se a a $450,886.00 carried a vertical wheel or level-mvtor capable of 
Ten per cent. for contingencies. 45,068.60 traversing from the center of the surface wheel 
st ..$495,974 60 to the periphery. An adjustable swivel is in 
Added by Transit Committee .... 100,000.00 connection with the axle of the said vertical 


Total estimated cost of elevated tracks and 
Cis. cntdna care 666 Sone eisaten 66 
imated cost of fitting up warehouses 

under the arches of the New York ap- 


wheel, which may be adjusted by means of two 
slide rods, with both of which it is connected. This 
swivel forms the junction with another vertically 


$595,974.60 


proach, complete for occupancy........... 348,184.00 | suspended wheel. This last-named wheel is heavily 
oo oikion ae eae a weighted in one or more of its segments, so as to 
agreed to puschased ty the trustees... 17,500.00 always remain in one vertical position. If the 
‘eins ey bane bao ” ee ee a back ward 

paar ene gene ceaveccsescsnjcee ccercces Prins eae ae | Remelvery CO Cne- ROT mons evel of the carriage, 

Added for contingent expenses... .......... 44,272. | che slide rods above referred to are moved back- 
DOU rica eines css scnieotens aac . ..-.$1,250,000.00 | ward or forward, in order to enable the machinery 
[Signed] W. A. Roesiine, Chief Engineer. of which it is a part to mark the rise and fall of 


| the ground. It follows, therefore, that any chan 
| in the level of the carriage will correspondingly 
affect — ae = a ee = to 
: : | one side or the other of the center of the surface 
eee “ ee cee pep ones bl | wheel, which will then revolve with a greater or 
soled class avin the form of & truncated pyr- i less velocity, as it is more or less distant from the 
amid ‘an several Sones of which axe each oe | center governed by the eccentric. Connected by 
vided with a buil’s-eye lens. P }axles and pinions, this shifting motion is trans- 

A new appliance for railway drawbridges locks |™itted to a pencil held on a rack-wand. This 
the draw in position by the act of shifting a rack-wand receives its motion from gearing set in 
switch to the main line, its normal position being See 7 the P will eer ae a te 
to the siding, and it cannot be so shifted unless |@Ueotly the wand will cause the pencil to mark or 
the bridge is in proper position in view of a lug | record horizontally right or left of the medial line 
upon the bridge which operates a locking bolt to | of the machine, as the angle is up or down during 

rmit the switch lock bolt to secure the bridge. | the travel of the carriage, and so that it may act 
The siding has an incline whereby trains will be | UP02.4 sheet of paper coiled upon a bobbin, and 
brought to a stand, and an automatic switch at | which passing over a curved surface is received 
the summit of the siding to direct a runaway POM another similar bobbin. The paper may be 
locomotive into a double inclined siding, where it | — = its speed adjusted te _ with 
will be brought to rest. Weighted tilting forked | *»e speed of the prime-mover. + See. 
catch levers are arranged between the rails to| WASHINGTON, D.C. 
catch about the axles and stop the locomotive. 

A recent safety railway switch has its switch- 
rail shifted paheentiealle through pivoted levers 
alongside the track, which are actuated by later- | 
ally adjustable bars on the pilot or cow-catcher of 
the locomotive. A transverse rod, to which one 
end of each of said levers is pivoted, slides in An American paper states that the Brush Elec- 
guide shoes having anti-friction rollers, a hand- | tric Light Company receives $7,400 per annum for 
a lever being secured to said rod in one of | lighting Fourteenth street, New York, from Fourth 
the guide shoes. |to Fifth avenue, Fifth avenue, and Broadway 

A late improvement in apparatus for generating | from Fourteenth to Thirty-fourth street, and the 
vapor from liquid hydrocarbons consists essen-| latter street from Fifth avenue to Broadway. In 
tially of a generating chamber having aninternal addition, the company, under its contract, also 
steam space comprising a series of vertically ar- | furnishes two groups, six lights each, in Union and 
ranged communicating spheroidal receivers. The | Madison squares respectively. The street lamps 
arrangement and advantage of these receivers is | have been lighted for several months; those in the 
such as to cause the evaporation of the hydrocar- | squares have been in operation for a shorter pe- 
bon flowing over them, according to their vola-| riod. The ijlumination is said to be fairly satisfac- 
tility—that is to say, the most volatile hydrocar-|tory. The tower lights, however, are effective 
bons are evaporated first and the least volatile last only upon a small area, and it is also thought 
—and to permit the highly heated steam to attack |that their effect will be still further im- 
the carbonaceous residua, and form carbonic-oxide | pai by the heavy foliage in summer. 
and hydrogen gas. The steam is made to flow e total number of gas lamps which it has 
from the generator under sufficient pressure to | been possible to extinguish by the substitution of 
carry the hydrocarbons in vaporous form to the | electric lamps in 430. The municipality of New 
point where they are required, and niix the vapor | York formerly paid $17.50 per lamp per annum, 
with an air blast to insure complete combustion. | which is estimated to have been at the rate of 

A new device for distributing electrical energy, | about $1 per thousand cubic feet net; but it is 
designed icularly for use in connection with the | stated that that rate was so low that the gas com- 
electric light, comprises an electric circuit divided | panies did not care about a the streets. The 
into branches, with a continuous current generator gas lights, therefore, cost city (and probably 
in the undivided portion thereof. A numberof elec- | the producer) $7,525 per annum, and are re 
tric lamps are arranged in said branches in a mul- by the electric light at a cost of $7,400. It isa 
tiple arc, and a ba is located in a | doubtful point, however, whether the Brush Com- 
branch by itself. The effect of this construction | pany, as in London, makes or loses money at this 
and arrangement is, that when the generator is rate. The advertisement alone, in either city, is 
supplying more electro-motive force than is re-| worth something, and it is just possible that this 
qui by the lamps the excess may develop a | was taken into account in the contract. 
charging current th h the battery, | At all events, there seems to be very little margin 
and when the potential in the circuit falls below of difference where gas is supplied at $1 per thou- 

secondary escent discharge sand cubic feet. This, however, it should be 
ecco oe inforcing that | clearly understood, is much less than the charge 
from . made to private consumers of gas in New York.— 
Pile-drivers are now proposed to be constructed | London Architect. 


RECENT INVENTIONS. 
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COST OF ELECTRIC LIGHTING AS COM- 
PARED WITH GAS. 
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WE hope, in our next issue, to present a full re- 
rt of the interesting meeting of the American 


ater-Works Association at Columbus, O., on the | 
14th and 15th insts. This association of the prac- | 


tical minananse of the works for furnishing water 
to the neoane of this country is destined, if con- 
ducted with the good judgment which has been 
displayed so far in its organization, to be of inesti- 
- 7 gas to consumers as well as furnishers 
of water. 


EADS’ SHIP RAILWAY. 


It is with extreme diffidence that we would ven- 
ture to dissent from the conclusions to which our 
valued contemporary of the Railroad Gazette 
would seem to have arrived in his opinion as to 
the feasibility of this shiprailway. Possibly Capt. 
Eads does not propose to carry his ships over the 
Isthmus by means of a dozen or so of the railroad 
tracks now in use, nor use any specified number 
of the present locomotives. Some time ago a 
twelve or fourteen-ton engine was brought upon a 
portion of the main road Seonoen this and Boston, 
and it was called, par excellence, “‘ the big en- 
gine,” nothing like it having been seen previously, 
and his sanity would have been questioned who 
should have attempted to belittle the engine by 


saying that he expected to see forty-ton engines | 


running upon the same or similar roads, where, in- 
deed, they are running now. Will any one ven- 
ture to say that we have reached the limit of the 
capacity either of road or engine ? 

t a maximum s of say 6 miles per hour, 
and on a straight line without curves, it is not 
too much to expect that engines weighing 100 tons 
(of 2,000 Ibs.), all on the drivers, can be operated; 
the dimensions and character of track, rail and 
wheels being made to conform; nor that the bear- 
ing wheels of the ship’s cradle, say 80-in. wheels, 
shall be capable of sustaining a weight without 
injury, at the limited — named, of 6 tons (2,000 
lbs.), if need be. e fact that the cast-iron 
wheels, found sufficiently safe and cheaply. re- 
newed by the thousand yearly for the wants of a 
rapid s and traffic, should be estimated at a 
strength of but 7,500 lbs., is by no means an evi- 
dence that the needs of the new service cannot be 
met by wheels of from 600 to 800 lbs. weight, 
should it be thought desirable. 

Capt. Eads, in his address before the Chamber 
of Commerce of San Francisco, Aug., 1880, says 


that under a cradle 350 ft. in length and borne by | 


12 lines of rails, each rail supporti 
or 1,380 wheels in all, a eon of 

give for each wheel but 44 tons weight, and the 
road would suffer no greater stress some of 
our heavy traffic roads. But supposing it otherwise, 
it will be a mere question of cones to provide the 
requisite strength. In the letter from Sir Edward 


115 wheels, 
tons would 


Page. | its wei 
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Reed, he very conclusively shows that from 4,000 


_ to 6,000 tons will probably be the extreme dis- 
| placement of a vast ee of the shipping seek- 
| ing this passage, and it would be entirely uncalled 

for to vide for the few vessels of greater ton- 
| nage which may be launched for other traffic, and 


New York City. his experience in the operation of building and 


decking ships should give his opinion great weight 
on this point, as also on the probable weight of the 
| supporting cradle, which for a 4,000-ton ship he 
|estimates at 500 tons, and for a 6,000 ship at 750 
tons, but we will double these weights and say for 
| the first cradle 1,000 and the second 1,570 tons. 

| Capt. Eads estimaces2} miles only of 2 per cent. 
| grade across the Isthmus, and upon the supposition 
| that the grades cannot be thrown i nig ed 
'leave the shorter, heavier ascent to be overcome 
| by stationary power, which might be feasible, we 
will assume 100 ft. per mile le as ni 


: all of | which therefore bec he limit to be provided 
ee ee whic eretore omes the limi provi 


for. This leaves the resistance to be encountered 
| on the track as the ~_ element remaining to be 
| fixed for an estimate of what is possible, ‘aking 
| results of experiments of heavy freight trains on 
ithe Erie Railroad, as conducted by McCallum: 
| That 6.5 lbs. per ton (2,000 Ibs.) represents the fric- 
| tion of engine and tender without load, friction 
of leaded cars, 44 lbs. per ton; gravity of engine 
and load for 100 ft. grade, additional friction of 


publication not later | engine by other resistances than that of the fric- 


‘tion of the cars, embracing a side wind pressure 
|of 40 miles velocity for a surface of 350 x 40 ft., 





subjects ae naturally belongs and altogether we find the resistance for a 100-ft. 


e for a ship and cradle weighing 5,000 tons to 
about 250, lbs. This is for the maximum 

| grade. which extends but for 2} miles. 
Taking the adhesion of an engine at one-fourth 
ht, and the engine weight will be 500 tons. 
| Or, for four engines andjtenders, all wheels coupled, 


99 | 125 tons each say—90-ton engine and 40-ton tender 


| —200 tons of the engine weight being included in 


g9 | the load as estimated. We see nothing in this so 


‘formidable as to lead us to question the entire 
| feasibility of a project which has received the un- 
| qualified support of men of great experience in 
| matters oe to naval constructions of all 
| kinds. r t fear lies in another direction, 
| and that is, that a work which should be American, 
| and the importance of which appears to be better 
appreciated abroad than at home, will be con- 
trolled by foreign capitalists to our national dis- 
grace. 


——___—__<) +0 > oc @=———————— 


SEWERAGE FOR THE STATE OF NEW YORK. 


| In Enorngertne News of Feb. 18, quoting 
|from an article inthe Mail and Express as to 
'the results of the examinations abroad of the 
| Director of the New York State Survey, and the 
| conclusions to which he had arrived, and the rec- 
| ommendations which he had made, based upon 
| the conclusions, viz., that the ‘‘ combined” system 
| of sewerage was an utter failure, wherever it had 
| been carried out, and the ‘‘ separate” system was 
'the more preferable, we had not been favored 
| with a copy of the Report of the gentleman re- 
|ferred to, and our remarks were based entirely 
upon the tenor of the article in the Mail and Ex- 
_press. Mr. Gardiner’s Report is now before us, and 
-we beg leave to comment more fully upon his 
| treatment of the subject, in reference to points 
| which had not been brought to our attention in 
| the newspaper article referred to; but even now it 
| would scarcely call for further notice, were it not 
'that the recommendations of Mr. Gardiner are 
indorsed throughout by the State Board of Health 
|—our highest sanitary authority. 
The conflicting opinions of sanitarians on these 
| matters have hitherto tended to unsettle the public 
, mind to a a extent; and while looking for some 
| one method for the proper disposal of sewage, the 
| fact is very much lost sight of that the locality 
and its surroundings should control — — to 
/a great extent, and no engineer at the present day 
'can be found to pe et any known method as 
| practically —— to all localities. And yet, 
recognizing the fact that the prompt rem of 
sewage of all kinds from the vicinity of dwellings 
is a measure of the first necessity, that method by 
which this essential can be effected with the least 
ibility of its disarrangement through the neg- 
ect of personal agents or employés is undoubt- 
,edly the best; and, putting expense out of the 
question, no one can have the hardihood to den 
that the water carriage system does offer this ad- 
vantage over any or all methods which have been 
proposed to thisend. But in many localities this 
_method, with all its theoretical advantages, is 
| practically debarred ; and hence we are driven of 
necessity to look to other means, not as the best, 
but as the most practicable, in such cases. 
The paper referred to, however, settles all that 
has heretofore been a subject of doubt in this 
most intricate subject, and one which has been 
entirely misunderstood, it would seem, until now 
by some of the most =e tened minds of the age. 
| The pa is entitled “No. 42, State Board 
of Healt of New York, Re on the 
| Methods of Sewerage for cities and villages 
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in the State of New York, by James T. Gardiner 
Director of the New York State Survey, Member 
State Board of Health.” 


As conducive to perspicuity, we propose to 
the headings of the subject as he has treated then: 


Mm, 

In the first place, all that is said in the openi 
of the paper of the dangers of the ol io 

vy vault we heartily indorse, and so far as we 

ow, modern sanitation has uniformly con- 
demned them as fraught with mischief, ona yet to 
this day, as in Paris, a proper system of police and 
ins : — by ee the wi phen 
sight, on theoreti prin would seem 
to - almost insurmountable, and render their use 
under a not incompatable with 
a low death rate. e use of coanedla in some 
ae removed from the house on farms or very 
small settlements, cannot well be avoided in the 
country, where an attempt toapply thealternative 
of the semi-barbarous pail system, would be attend- 
ed with the very evils sought to be removed, and 
result in the house waste and sewage being scat- 
tered or disposed of in an equal or even more ob- 
jectionable manner somewhere else on the prem- 
ises, 


After disposing of the cesspools and vaults, the 
first method which is taken up for consideration 
is the dry removal. Of this method, two means are 
alluded to, the dry earth closet, and the “pail” 
system. The first, for reasons stated, is no longer 
recommended, and asshowing the uncertainty of 
expert testimony, we would state that no longer ago 
than 1870 this very dry earth closet method was ad- 
vocated by the present advocate of the separate 
water ee system, Col. Waring, as destined to 
supersede all other methods entirely, especially in 
villas and small settlements. Water carriage was 
condemned even in cities, and the dry-earth closet 
lauded as the system of the future, and even the 
manurial value of the product, now found to be 
worthless, was stated as one of its advantages over 
that of any method of water carriage. Companies 
were formed to manufacture the utensils ; agents 
——— throughout the length and breadth of 
the land to sing their praises and to sell the patent 
rights and circulate the sensational writings of its 
chief apostle. Ten years have sufficed to explode 
this fallacy, and who shall say that the next great — 
boon which is offered in its stead shall be longer 
lived? The disgusting tub, cask or ‘ pail” system 
is recommended for all vil and towns with- 
out public water supply. And we may say cities 
are included possibly, for Manchester with 500,000 
a is cited as a successful example to 
follow. 

In Manchester, he says, the “ ~~ ” is of galvan- 
ized iron of a capacity of ten gallons. ‘‘ Each tub 
is covered with a close-fitting double lid before re- 
moval.” ‘Beside each tub isa very simple ash 
sifter, from which the ashes fall to help deodorize 
its contents.” ‘‘ The tubs are removed in the day- 
time without offensive odor.” In Rochdale, a city 
of 70,000 inhabitants, ‘‘ the manure sells for four- 
fifths of the cost of its collection and preparation,” 
etc. He admits that ‘‘ from false economy or neg- 
lect, these pails may not be attended to at suffi- 
ciently frequent intervals,” but adds ‘that the 
small size of the tubs puts a narrow limit and com- 
pels attention.” Possi aa we may very 
naturally ask—from whom? and point to the 
above-described process as requiring no further 
comment. The prime advantage of this highly- 
savory proceeding, it seems, is ‘the cheapness of 
the plan and the smallness of the original outlay of 
money and brains.” We hazard the opinion that 
it is doubtful where the economy of brains is most 
manifest—in the user or the advocates of such a 
mevater Carri Sewerage.—This is divided 

er Carriage, or ivi 
into two heads—the combined and the separate 
systems. So much has been written on these that 
we refrain from more than a brief notice of their 
characteristics. By the first, all sewage what- 
ever, including excreta, house slops and _ street 
sewage, with a proportion of the rainfall, is con- 
veyed to some remote outlet by a single channel of 
discharge. The system, on the contrary, 
requires a line of sewers devoted exclusively to 
the house sewage, while the sewage from other 
sources and the storm waters must have their 
separate lines of sewers, or, as in Memphis, trust 
to their getting off the surface or out of sight as 
ao -xplain the abo tems, M 

r explainin above r. 

’ ee idea of which he delivers 

himself ‘ engineers have made the mistake 
of confounding sewer gas with the cause of dis- 
ease, and hence their mistake in g that 
the ventilation of sewers by dilu' this gas 
would prove in weakening the sources of 
disease,” proceeds to say, ee ee Foe 
sewer gas exists (the italics are his) and that there 
is absolu ae 5C0Ny ae Oe et PS 
of sewer Gir, into a dwelling 

gases.” This-is a = un- 
of the reget day Cccewen that however gene- 

y | gas 
rated can be considered disease, 
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itself producing disease, but that it may be 
ee aie for disseminating disease 

whatever 
oeder may be the pabulum which nourishes these 
lower 0 is they undoubtedly believe, 
and hence that ventilation, which is dilution of 
this is believed by them, as we sup) by 
physici generally, to be a means for lessening 
the of disease, as weakening the element 
which is essential to its increase—in other words, 
seweT is an efficient cause, but not the final 
cause, of disease. Are bacteria sup 
nourished by any of the gases known to chemists 
as the result of decomposition? Is it not a fact— 
or rather it is : | mares Me addition ae yen 

wn of decomposition, susceptible 

Seouteal teste, there is a something which for 
lack of a better name we may call organic vapor, 
without which none of the known gases are pro- 
ductive of disease, although, when in excess, they 


may kill. Sewer-air may indeed be a better name | 


than sewer-gas; but a mere change of name will 
not change its properties nor its capabilities for 
mischief, nor the sense in which we use the word. 

He says further, ‘‘ that the sewer-air may bring 
the germs of disease into dwellings, while the 
foul of d2composition may or may not be 
present.” This may be all ve 
some assumption about it, an 
present admit of its discussion. We would re- 
mark, however, that the attempt to weaken the 
value of ventilation will be a 
hygiene, with the accumulated evidence in. sup- 

rt of its value, now in our possession. It seems 
That large sewers, being built of brick, ‘their 

rous walls furnish the favorable soil for these 
eadly organisms, and the ammonia of sewage 
supplying the manure essential to their full devel- 


.” We might properly ask, why is it, if: 
sewer gas be such an unmeaning word, that one of | 
its most obvious constituents, ammonia, should | 


be selected as the chief element for the nutrition 


of disease germs? ‘ Every device,” he says, ‘* of | 


engineering has been exhausted to keep large 


sewers well ventilated, but the air from them is) 
still deadly.” All this, and much more,.of simple | 
dogmatism is the prelude to his summing up in| 


this sweeping assertion. ‘‘that from a sanitary 
point of view the ** combined” system of sewerage 
is a failure” ‘‘and those cities which 
have already spent large sums in completing com- 
bined sewers, must either continue to suffer from 


o*-«.4 6. @ 


the evils of sewer poison or incur the further ex- | 


pense of a separate small system for carrying sew- 


age only, retaining the large sewers for storm | 


water.” 


The separate system then comes up for consid- 
eration, if that may be called consideration which 
consists merely in giving expression to a foregone 
conclusion, which considers the separate system 
not only the best for all localities, but by far the 
cheaper method, and as we have already gone over 
the same grounds ee in discussing this 
question, and shown the 
adduced in ey sel of the separate system for all 
localities, and have, in addition, published in Enat- 
NEERING NEWS a most os and exhaustive 
treatment of the entire subject by one who, in ad- 
dition to great natural ability, has made the sub- 
ject a life-time study, both here and abroad, we 
refer to Mr. R. Hi , of Philadelphia—we now 
follow this writer no her, but as his conclu- 
sions have ‘been adopted by the State Board of 
Health and a ukase issued to that effect, and, so 
faras liesin the power of such Board, they are 
law—we have a word or two to offer upon this 
new phase of the subject. 


We have a high respect for boards of health on 
principles, that is to say, in the selection of 


the individuals composing them, and it is to be pre- companies north of San Luis Potosi, including the | 


sumed that the appointing power sought for the 
highest possible scientific attainments in its mem- 
bers, coupled with such experience as toren- 


der the science of the schools of prac- 
tical value, and, at the same time, for its 
proper exercise, in a matter of so much 


importance, a degree of caim, judicious and com- 
prehensive judgment, flavored with strong com- 
mon sense, which should render the individual un- 
likely to be 


he better judgment of the average 
man; in a word, the individuals should be such 


marked men in the community as to render their 
ms unassailable, and not open even to the 
suspicion of having been influenced by any indi- 
vidual persistency, or the weakness which not un- 
frequently induces a board of 
the sake of harmonious action to an active element 
in its midstambitious of leading in great reforms. 
If our State Board of Health be thus constituted, 
are we, and what now 
oat beter and rine it is ined, 
brighter the more 
and the more light that is shed 
exhibit ina clearer view that w 
we mistook for imbe- 


ance and tedness 
eility, was in the profundity of wisdom. 


germs—_ 
they may be—on the principle that the | 
by the a of animal | 


to: be 


true, but there is) 
space will not at | 


ckward step in | 


fallacy of the arguments | 


cep- ing direct to General Superintendent and 


may appear | 
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SANITARY PROTECTION. 
The first annual — of the London Sanitary 
Protection Society discloses facts which supply 
|ample grounds for the existence of such an asso- 
ciation. The engineers’ reports show that, of the 
total number of houses inspected, in 6 per cent. 
the drains were entirely stopped up, and all the 
sewage soaked into the ground under the base- 
ment of the house, there being no connection 
whatever with the sewer; that in about one-third 
| the soil-pipes were leaky, allowing sewer-gas to 
escape into the house; that in about one-third the 
| overflow pipes from the cisterns discharged into 
a soil-pipe or drain. More than half the 
houses inspected had waste-pipes from baths 
or sinks connected directly with soil-pipes 
or drains, generally, it was true, through syphon 
traps ; but if any of the appliances should be dis- 
used for a time. and the waterin the tap dry up, 
those waste-pipes would provide a direct channel 
for sewer-gas into the house. 
| alarming that, out of the total number of cases in- 
| spected, 6 per cent. of the houses should be abso- 
|lutely pestiferous. It is the merest chance that 
such houses have not proved hotbeds of disease. 
| In a much larger proportion there are defects in the 
general arrangements and drainage of the houses 
which ought to fill us with alarm. We shall not 
be surprised if, should the association continue 
long enough, the bad state of London houses will 
lead to an official inspection of houses in all towns. 
By such an: inspection as that afforded by the 
society, the spread of typhoid fever will be in a 
great measure prevented. It isa satisfactory sign 
of the appreciation of the efforts of the society 
that some public buildings have already been 
| placed in their charge with regard to their sanitary 
| arrangements. 
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PERSONAL. _ 


| Mr. E. Compoun, chief engineer of the New 
York, Texas & Mexican Railroad, has resigned. 


Mr. T. A. HILL has been appointed chief engineer 
of the Austin & Northwestern (N. G.) Railroad. 
| Headquarters at Austin, Texas. 


Isaac WORNEY, an eminent engineer, of Pitts- 
burgh, Pa., has been appointed Superintendent of 
Public Works by the Citizen's Council of San An- 
tonio, Texas. 

ZACHARIAH ALLEN, long one of the leading men 
of Rhode Island, died in Providence on Friday 
night, the 17th, aged 87. He had filled many im- 
portant positions. At the time of his death he was 
| president of the Rhode Island Historical Society. 

2 wrote ‘‘ The Science of Mechanics ” and ‘* The 

Philosophy of the Mechanics of Nature.” 


| A DISPATCH dated City of Mexico, March 14, 
|says, James Pyett, an American engineer, with 
\six Mexicans, coming down a steep grade ona 
|hand-car on the National Railroad, turned sud- 
|denly upon a bridge where two men were. One 
|jumped. The car containing the others was 
thrown inte the chasm. Pyett and three Mexicans 
were instantly killed. The others were fatally 
| hurt. 

G. CLINTON GAKDNER, General Manager of the 
| Mexican National & Texas-Mexican Railway has 
| issued the following general order: Engineer 8. T. 
| Fuller, of the Northern Division of the Texas- 





| general superintendent and chief engineer of the 
| Northern Division of the Mexican National Con- 
| struction Company and the Mexican National 
| Railway Company, as also general superintendent 
|His duties as general superintendent and chief 
|engineer will extend over all the lines of these 


Matamoros Division. Superintendent W. W. 
| Hungerford has been appointed superintendent of 
| construction, and will report direct to General 
| Superintendent and Chief Engineer Fuller, takin 
| personal charge of the movement of trains an 


| the track work on Lampazos Division, with such of steel}, 

| other duties as may be —— tohim. Principal | onl 
er will take personal | 50-/¢. 

charge of location and surveys, with such con- tained in a bridge of 


yo | om prices of iron and steel, there would be a 


| Assistant Engineer E. Mi 
struction work as may be assigned to him, 


Engineer Fuller. 





mained abroad superintending the manufacture o 


it is certainly , 


| for ships. 








railroad iron. From 1838 to 1841 he was chief en- 
gineer of the Catawissa Railroad. In 1842 he was 
elected president of the Philadelphia, Germantown 
& Norristown Railroad Company, and from 1842 
to 1845 he was the president of the Schuylkill Nav- 
igation Company. In 1848 he was elected to the 
State Assembly and secured important legislation 
in aid of the Pennsylvania Railroad Company, in 
which line he was largely interested. From 1848 
to 1856 Mr. Roberts was the chief engineer of the 
road. He then accepted the same position on the 
North Pennsylvania Line and continued there un- 
til the road was merged into the Reading Railroad 
system. 








At the ordinary meeting on Tuesday, February 
28, Mr. E. Woods, vice-president, in the chair, the 
paper read was ou *‘ Steel for Structures,” by Mr. 
Ewing Matheson, M. Inst.C. E. The object of 
this paper was to state the present position which 
steel occupied, as compared with iron, as a mate- 
ri | of construction ; and to examine the reasons 
why, while steel was rapidly superseding iron for 
ships and boilers, it was so seldom used for bridges. 
Steel possessed the important advantage of a 
strength one and a-half to twice that of iron, as 
well as superior elasticity and ductility; and, 
owing to the method of manufacture, plates and 
ats of the usual kind could be made of steel in 

much larger pieces than was possible with iron, 
thus avoiding the numerous joints which the 
smaller pieces involved. The special treatment 
necessary for steel could soon be learned by work- 
men accustomed to iron, and the tools and ma- 
chinery of a factory could be used for either 
metal. In regard to wasting by rust, sufficient 
time had hardly elapsed to prove positively the 
durability of steel as compared with iron, but at 
present it appeared as if the difference, if any, 
was in favor of steel. Because of its greater 
strength, st uctures equal to iron could be made 
of less weight in steel; and in regard to ships, 
this saving allowed a corresponding increase in 
cargo-carrying capacity, or a reduced immersion. 
In boilers, plates, whether of steel or of iron, 
could not conveniently be of more than a certain 
thickness, and the working pressure was limited 
accordingly ; but the superior strength of steal 
permitted a working pressure of steam one-third 
greater than in boilers of iron. thus allowing a 
saving in the space occupied for a given power, 
and greater economy in fuel. In regard to girders 
or bridges, if strength and elasticity were assured, 
there was not the same necessity for the great 
ductility which in ships was so important to resist 
concussion ; but the rules of the Board of Trade, 
which controlled railway structures in this coun- 
try, allowed working strains on the parts of steel 
bridges based on the extremely ductile steel used 
That was to say, while the maximum 


| strain allowed on iron was 5 tons per square inch 


| Mexican Railway Company, has been appointed | 


of sectional area, a strain of only 61¢ tons was 
allowed on steel. By this limitation, the engineer, 
in designing bridges, was unable to take full ad- 
vantage of steel; and as, moreover, for various 
secon reasons, the thickness of parts in a steel 
structure could not be red: ced, in proportion to 
those of an iron structure, quite so much as even 
the permitted strains allowed, bridges of moderate 


| span could not be made so cheaply of steel as of 


and chief engineer of the Texas-Mexican Railway. | 


iron, so long as the cost of the material exceeded, 
as at present, that of iron in a proportion equal to 
that of the greater strains permitted. Until the 
present time, the cases in which steel had been 
profitably used were those in which, because of 
difficult transport in new countries, lightness was 
of great value, and those where, owing to the 
great a of span, the weight of the material 
itself, as distinct from the dead and moving load 
it had to carry, imposed the principal strain, a 
‘compound saving being thus afforded by the use 
In this way, while a saving in weight o} 
12 per cent could be obtained in a bridge of 
span, a saving of yt cent. could be ob- 

500-ft. span. With the 


and a gain 


oss by using steel in the small span 
h But while there nigh 


using it in the large span. 


| SoLtomon Waite Roserts, a well-known civil be no immediate pecuniary saving by using steel, 


| engineer, died at Atlantic City, N. 
Mr. Roberts was born in BI 


J 
iladelphia, Aug. 3, 
1811. Atthe age of sixteen he tate school and 
cabum en ecthnah andes-biaension Soniah Wilts, |Setigs of soderate ight be than 
officers to yield for | sition as t under his uncle, Josi te, ges of mode span mi greater 
> h Coal and | that of iron bridges, they should not be preferred, 
ite’s direc- and their use enforced, because 
the first railroad in units of strength and durability, as well as of 
extending from Summit Hill to’ money, they would be cheaper event 
distance of nine miles. In 1829 There were several means by which the use of 
the service of the State as an steel might be extended. 
later undertook the work | experience gained during the last few years, as to 


| then the superintendent of the 


| Navigation Company. Under Mr. 
| len. tec S008, won copatensbed 
lvania, 
_Mauch Chunk, a 
‘ wo years 
| can'the Portage Raliroad. 


the certainty of qualit 
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and for two years re-. concerned, especially to engi 


, onthe 23d. | there was, owing to the very moderate strains per- 


mitted on this new material, a much greater 
margin of safety than in iron. Hence the question 
arose whether, even al the cost of steel 
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and the iness witli 


had noteyet spread to all 
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awaited some authoritative affirmation to set 


| plo ed as the heating medium, supplied to coils or 
against the records of early mistakes, misa) Sedhators, of specially formed pipes, the theory being 
tions and failures. The proper treatment of steel 


that the proper way to warm a room was by radia- 
had now been thoroughly investigated, and the tion from the floor and walls. 

circumstances under which the metal wasdam- With regard to ventilation, the author showed 
aged, by punching holes and other manipulation, | that it was n to change the air of a room 
were well understood. But there was also needed | several times in each hour, according to the num- 
some ready means of verifying quality. This was | ber of occupants, gaslights, etc., allo for each 
far more necessary in steel than in iron, because 


person 900 cubic feet hour, for a 
in the latter the range within which strength B00. 


_and for a fireplace 48 
might vary was only one-sixth, whereas steel The cause of draughts was then explained, the 
a much wider range. 


Again, the mere fact that remedy being to admit a copious supply of fresh 
iron had been rolled into shape insured a certain | air at the lower of the room, and draw off the 
minimum of quality, while if steel chanced to be | foul and vitiated air at the upper. 

bad it might be one-half weaker than was wanted. __Pott’s Ventilating Cornice and Tobin’s Vertical 
An authoritative brand or hall-mark seemed nec- | Tubes were then treated of, and their advantages 
essary, if steel was to be universally accepted, and | and disadvan a 
the author suggested that some mark should be| The author concluded his pa: 


1 per with a few rules 
adopted, as denoting quality and kind, the addition as to the proportion of inlet and outlet for venti- 
of the particular trade-mar! 


of each maker serving lating shafts, the amount of radiation from hot- 
as a warranty. But in order to encourage a water pipes, and the cooling effect exerted by 
further use of steel, the Board of Trade rules’ windows. 
should be altered. While a certain minimum of| An interesting discussion followed the reading 
strength and ductility might be demanded, the of the paper. The Vice-President announced that 
present limits to the maximum straining should be ‘at the next meeting of the Society, to be held 
ameuded so that, instead of 64g tons per square on Wednesday, March 15, a paper on “Paper 
inch, 8 tons might be allowed, an increase amply | Machinery,” would be read. 
pa by the eee unin’ during a 
t few years. this was done the greater de- | 
mand ~oiana almost certainly have the effect of THE HISTORY AND STATISTICS OF AMERI- 
bringing the price nearer to that of iron, as had | CAN WATER-WORKS. 
been the case with rails. The author set forth the | —_—_— 
present rules of the English Admiralty and Lloyd’s| BY J. JAMES R. CROES, M. AM. SOC. C. E. 
in regard to steel for ships, and directed attention | 
to the ae of the ae Admiralty, ve 
exemplify the alterations which he proposed. 
it was by means of a Royal Commission that the CORRTE Oakes, OR. 4 
present strains on steel were permitted it wastime | Salem, Oregon, in lat. 44° 56’ N., long. 123° W., is 
that another commission should be appointed to | 0M the east bank of the Willamette River. It pos- 
inquire into the facts more recently acquired and | 8e88es a valuable water-power from Mill Creek, 
to grant more liberal rules for the future. With | Which empties into the river near this point. 
an extension of the present limit of 644 tons there |_ Settled in 1840, it was incorporated in 1846. 
would be such a demand as would lead to im-| Water-works were built by a private company, 
provements in the manufacture, increase the out- | after the plans and under the superintendence of 
put and reduce the price of steel. The whole cal-|W-F. Boothby, taking the water from the Wil- 
culation would then be altered, and when steel !amette River and pumping it 87 ft. by a Blake 
might not only be worked to 8 tons strain per | pump of 18-in. steam and 12-in. water cylinder of 
square inch, but the difference in price over iron | 24-in. stroke into a reservoir of stone and timber 
was less than it was now with 61¢ tons, then, but | holding 180,000 gallons. — 3 . 
not till then, would the era of steel structures |. Distribution is by 6 miles of cast-iron PS of 6- 
have arrived. in. to 8-in. diameter, with 35 fire hydrants, 25 gates 
|and 250 taps. The town pays $1,500 


r year for 
. . ~ | use of hydrants. Service pipes are of cxivaniand 
LIVERPOOL ENGINEERING SOCIETY, ROYAL | iron. The population in 1880 was 5,009. The daily 


INSTITUTION, COLQUITT STREET. | consumption is 360,000 ox 


| The — stock is 000. The works have 
| cost $50,676.11, includi hase of water-power 
| a opposition bec ste Sie ere is = debt. 
receipt mn 971.18. e ex- 
Ventilation” was read by Mr. W. E. Mills. ses in 1860 Sasn $3,000.92 and the receipts $5, 


The author, in introducing his subject, pointed | 595.11. 
out the necessity that existed for a scientific study | W. F. Boothby is President and David Allen Sec- 


of its principles and laws, as evidenced by the fact | retary of the Co ( 
that upwards of ae deaths ee ae in | Bese ries ‘eataiieicaniiiaaine 
cite lente, 9 lan sae Pm |. Pioche, Nevada, isin lat. 87° 50’ N., long. 114° 80 


ventible diseases, a large proportion being from | : 
consumption, bronchitis, etc., and mainty due | W., in a cafion of the Cordilleras, 7,000 ft. above 
from neglect or ignorance of the laws of ventila- | Sea level. Was settled in 1869. _ ‘ 
ton. | Water-works were built by a private company in 


The earliest means of heating—viz., by a pan of | 1872, after plans of ee, taking water 


Continued from page 91. 


At a meeting of the above society held on Wed- 
nesday evening, March 1, Mr. C. 8. Pain, Vice- 
President, in the chair, a paper on _‘‘ Heating and 


George Coff 
charcoal, or live coals, afterward improved by | from springs and catching it in wooden tanks 
being placed in a box or grate—was then described, | holding 200,000 gallons, 312 ft. above the town.” 

and fis arrangement with some modifications in Distribution is by sheet-iron pipe, double riveted 
form, but none in Pinel. was shown to be the | and coated with asphalte, of which 8 mil 


es are 
ordinary household fire-grate of the present day. | laid, of from 8 to 5-in. diameter, with 20 fire hy- 
Large buildin ial appliances for 


i | drants and 45 taps. The town does not pay for use 
oe spec 
economizing and distribut ng the heat produced 


of water. Service pipes are of gas pipe. The - 
by combustion, stoves were introduced, which for | lation is about 900 and the daily consumption 10, 
heating answered well, but 


by consuming the | lons. The works cost $150,000. No further 
oxygen of the air, destroyed the vital principle, | financial statements are given. 
and from a ventilating point of view were conse- | R. H. Elam is the Superintendent. 


quently inadmissible. CCXLVIIIl.—PORT BYRON. 
Stoves and fire-grates shared alike the disadvan- Port Byron N. 7 in lat. 48° 2’ N.. long. 76° 40° 


tages of being too local in their influence. Where | w a+ the outlet of Owasco Lake. is in the valle 

heat was required to be conveyed to a distance, 5 ¢ ti. Owasco, with hills to east and west Seen 

some other means of doing so than by a stove or) 100 to 75 ft high 

grate was imperative. ot water naturally sug- led in 1 sf in rated as a vi 

gested itself, and the “low pressure” and “high | in 1887, Watewweten: wate walls by the vi 

tg oar * systems were — Neither were esupply from 

to be taken as satisfactory, unless provision were | * 

made for introducing fresh air under the pipes, 80 | rrd a = P eclaeeaie 150 b oe 12 a 

as to fulfill the requirements of proper ventilation. | deen 7 euiten in clay and whew: lining, and 
The author pointed out that it was a great fallacy 175 te above the vil y ” 

to suppose that air to be fresh must of eee be | A @in. pipe conn 

cold. All air admitted to a room or building ould | th \ 

tirst be moderately Warmed. This could beeffected | ‘tiie 

by means of ventilating the principle of | , 

which consisted of a chamber formed behind the * 

ordinary fire-grate, supplied with air from the ex- | 

terior of the ae which, after being warmed, | 

was delivered into the apartment. The principal | 

kinds were the Galton, the Longden, the Boyd and | 

the Mancher, each set of which were briefly de- 

“Gest the auth demned, as, although 
yas stoves the author condemned, as, alt financial are not 

convenient, the fumes given off were very delete- | ; Comnaninsioner. 

rious, and a amount of gas was consumed for, Charles M. Storms is Water ' 


very little effective result. CCXLIX.—BIG RAPIDS. 


16 8 patented by Mr. Lewis W. Leeds, of | ig Rapids, Mic » im lat. 43° 45' N., ‘ 
Philadelphia, was next described. Sivumh wereens | OOP W., is on toe etna River, on y 


| 1872 for fire purposes ae taking 
y 


24 fire hydrants scone ami 98 
use, wit , 3 gates 
The water is not used for drinking or 


™ popuiation in 1880 was 1,250. The consump- 
| tion is not The works cost $10,000, and 


there: is a 


ht 480, | stroke 


MaRoH 25, 18892. 


east cugend, She mpetet difference of elevation 


being 

It was settled in 1860. Water-works were built 
phys town in 1871. The supply is taken from 
the river a gravel filter crib and 

mains by a Holl 
Pm in gab nermagiach Pup ghetto € pumps of 
in. steam and 16-in. water cylinders, with Bin 
, erected in 1880. The ordi pressure is 
65 Ibs., and the fire pressure 100 Ibs. 

Distribution was at first by wooden pipe, which 
was unsatisfactory, and was replaced by cast-iron 
9 gh Becher. miles are in use of from 8-in. to 

. diameter, a © gates and 209 
“-. Service pipes are of lead. 
e population in 1880 was 3,750. The daily con. 
sumption in 1881 was 264,000 ons. 

The works have cost $80,000. Further financial] 
statistics are not given. 

George H. Lincoln is the Superintendent. 

CCL.—NEW BRUNSWICK. 

New Brunswick, New Jersey, in lat. 40° 49’ N., 
long. 70° 49’ W., is on the Raritan River. The 
crest of a red shale bluff along the river recedes at 
the site of the city, forming a gently. sloping am- 
phitheatre of about a mile in diameter. 

The city was incorporated in 1784. Water-works 
were built by the city in 1866 after plans of E. 
Willard Smith, C. E., and under the superintend- 
ence of Thomas N. Doughty, C. E., taking the sup- 
ply from Lawrence’s Brook, a stream south of the 
iby, with oe water-shed. A stone dam 
15 ft. high 184 ft. long creates an impounding 
reservoir and also furnishes power to a 54-in, 
American turbine wheel, which drives a 12-in, 
pump which lifts the water 180 ft. to the distribu- 
ting reservoir built in excavation and embank- 
ment, with two basins each 300 ft. square and 15 
ft. deep. A Selden direct acting steam pump with 
86-in. steam cylinder and 22-in. plunger has since 
been added. 

Distribution is by wrough-iron and cement pipe 
and some cast-iron. Twenty miles are in use of 
from 16 to 4-in. diameter, with 166 fire hydrants, 
209 gates, 1,250 taps and 59 meters. 

The city contributes $50 per year for each hy- 
drant out of taxation. Service pipes are 

vanized iron. The lation in 
1880 was 17,167 and the daily consumption 1,264,- 
000 gallons. 


The works have cost $440,000, and the 

— to Dec. 31, 1881, had been $283,454.66. 
he in 1880 were $14,901.59, and the 
receipts 754.35. The debt is not given. 

The works are by a board of water 
commissioners. M. N. Oviatt was Superintendent 
prior to January, 1882. A. J. Jones, the Treasu- 
rer since 1873, is now Superintendent also. 

(TO BE CONTINUED.) 
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